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ABSTRACT: 

The invention concerns a method and a device for tightening threaded joints in two subsequent 
steps, namely a first step during which a joint is tightened to a predetermined torque snug level 
and a second step during which the joint is further tightened up to a final predetermined 
pretension leveL During the second tightening step the torque delivered by the power tool (10) 
comprised in the device is gradually increased at a rate exceeding the highest torque rate 
expected from the joint to be tightened. The power tool (10) comprises an electric brushless 
AC-motor which is supplied with power from a variable frequency output inverter (11) and the 
gradual increase in output torque from the power tool (1 0) is accomplished by the phase lag in 
the AC-motor as a result of a gradually increased output frequency from the power supply means 
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© Method and device for tightening threaded joints. 

© The invention concerns a method and a device 
for ftghtening threaded joints in two subsequent 
steps, namely a first step during which a joint is 
tightened to a predetermined torque snug level and 
a second step during which the joint is further tight- 
ened up to a final predetermined pretension level 
During the second tightening step the torque deliv- 
ered by the power tool (10) comprised in the device 
« gradually increased at a rate exceeding the high- 



llfT rate eXpeCted from the ' oint to be tight- 

^° Wer t0 °' (10) Com P rises an electric 
brushless AC-motor which is supplied with power 

from a variable frequency output inverter (11). and 

™S inCr8aSe in ° U,put torc > ue from power 
tool (10) 1S accomplished by the phase lag in the 

AC-motor as a result of a gradually increased output 
frequency from the power supply means (11) 




Xerox Copy Centre 



1 



EP 0 419 435 A2 



2 



METHOD AND DEV.CE FOR TIGHTENING THREADED JOINTS 



This invention relates to a method and device 
for tightening threaded joints in two subsequent 
steps, namely a first step during which a ^ g 

a second step during which the joint is further 
ftghtened up to a final predetermined pretenZ 

Dlish^rrT 6 ° f iwen,ion is to *»*>. 
,11 , ^ 3 deviCe by whic " a dreaded 

ES dSKT UP 10 3 Predetermined Pension 
tevel during the second tightening step and by 

which the stiffness that varies from joint to joint is 

HTS.^ CaUS, ' n9 " Undesi - bte s « 
of the obtained pretension level as well as a tire- 

Th, ^ ™" torc ' ue Characteristic to be 
handled by the operator. 

By governing the increase rate of the toroue 
application it is possible ,o obtain a £££ 
process which is advantageous both from' e er 
genomic and the pretension accuracy point of view 
The method and the device according to the nven- 

JoL^ T CU,ar,y in,6nded for ^sup- 
ported tightening tools by which the bring and 

ierks norma,ly occurrin9 at ^ 

of the tightening process are elimnated 

The torque growth characteristic depends on a 
number o, factors sucn „ ^ P * « ■ 

£ SaZ SP6e ? 7 t001 ' the ^eristic o 
£e threaded jomt etc. For a certain tool, however 
the .torque growth is a(ways g «J 

thre ded J0 ,nt characteristic, such as if the thread! 
ed jomt has a weak characteristic with a slow 
orque growth in relation to the angle of SiJS 

?elaL Io? , ' ^ 3 StBep to ^ ue ar ™» i" 

*e oo. 1 9 ° f r0tati ° n ' 1,16 ^ 9^ of 
me tool will vary correspondingly. 

The optimum torque growth speed from the 
ergonom,c point of view depends on severa" 
metres such as w 

1. The strength of the operator. 

2. The operator's ability to react fast 

3. The torque level. 

4. The torque snug level, if used. 

5. The operator's work position. 

6. The shut-off speed. 

Since there are several parametres involved it 
;s reaped that from the ergonomic point oTS 

IZT2^ ab,e t0 adjust **• X 

acTerLc. " 9 3 *** ^ ^ 

solved in^T 0 ?' *• ab ° Ve e rob,e ™ are 
solved ,n that the torque growth speed in the 

second step is controlled to correspond to man's 
abii.ty to respond to the developed Lt*™ % 
In the torque range of 15- 15 0 Nm . sui t able 
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Syr?,! r ,ues shou,d be 25 - i5 ° 

wnereas m the torque range above 150 Nm 250 
Nm/s ,n combination with short tightening times 0 f? 
- 0.2 s are suitable. In the latter case, the process 
bme is too short for the operator to read at ali 

tion wiS "? d9ViC9 aCCOrdin 9 10 *• inven- 

ton will be described in further detail below with 
reference to the drawings. th 
On the drawings: 
Rg 1 shows a diagram illustrating the toroue 
growth when using a method and a device a C 
cording to the invention 

oll^O? SChematica,| y a ^vice according to 
one embodiment of the invention 

Fig 3 shows a device according to another em- 
bodiment of the invention. 
In Fig 1 there is shown a threp-avp* 

StV he re,afonShip ^ Ze 2Z 
na ted M, the angle speed designated , and time t 

Following the horizontal time axis the first HnSL 
"0 step I is illustrated at tne |e 5 ft £ 

su sequent tightening step „ is i„us,rat ed a u e 
2 aI o e n « ! ' r 1! l9htenin9 *P 1 is commenced n 

ed joint. D1 represents the torque developed bv 
the power tool, whereas the reaction torque from 
the threaded joint is illustrated by a curve abcT 

as S32 torque in ■ h ~* d joint - 

has reached a snug level M s . the torque application 
steep acceleration of the joint up , 0 an Lie roZ 

to 0 ; T ,i: hich r ains I 

to^epoint t s ,n which the torque snug level M s is 

When starting the second step, a torque D2 

cr^T? ^ ^ t00 ' is ~S °* 

leii m 0 °V I 9 "' ""■W-no to the torq e 
teve D1 of the first tightening step. According to 

orL ° n ° f R9 1 " the » »*» S s 
gradually increased along a straight line To illu 

trate the reaction torque from the threaded io nt 

sSness Cul'f rePr8Sent j0intS 0f 
stmness Curve a represent the stiffest joint and c 

he weakest joint. The increase rate of the aoolieS 

terque 02 is chosen to be we., abJlTZ 

st-ffest joint characteristic a . This means L in 

every point on the time axislhat part of the 

torque which exceeds the torque reaction f™ he 

goaded joint will cause an acceleration oT the 

teScTth^hT" «" thfeaded 
actenstic ,. the higher the acceleration. This is 



EP 0 419 435 A2 



illustrated by the curves below the horizontal axis 
where the angular rotation curves a.b, and c cor- 
respond to the torque characteristic curves illus- 
trated above the horizontal axis. Accordingly the 
weakest joint c is exposed to the highest accelera- 
tion which is illustrated by the steepest curve c in 
the <t> diagram and the stiffest joint characteristic a 
corresponds to the slowest acceleration curve a in 
the p diagram. 

The threaded joints are intended to be preten- 
sioned up to a final predetermined level corre- 
sponding to a torque M F . and dependent on how 
stiff the torque time characteristic of the actual joint 
the second tightening step will last for different 
time intervals. This means that the weakest joint c 
will take the longest time to finish, while joint a with 
the steepest torqueangle characteristic will be fin- 
ished in the shortest time t a . 

Looking now at the most significant features of 
the present invention, it is to be noted that due to 
the acceleration of the tightening speed and due to 
the fact that the acceleration rate is different be- 
tween stiff and weak joints, the angle speed will be 
significantly different at the end of the second 
tightening step for the different joints. The final 
pretension level is reached very quickly by joint a 
which has a steep torqueangle characteristic How- 
ever, the surplus torque from the power tool which 
causes the acceleration of the joint is rather small 
at joint a which means that the acceleration is low 
Th.s means in turn that the time consumed is short 
and the final angle speed I a is low. On the other 
hand, joint c is exposed to a higher acceleration 
due to a greater torque overshoot from the power 
tool. Since joint c also takes a longer time to reach 
the pretension level M F , the final angle speed i c 
is much higher than the final speed for joint a . 

The resultant advantage of the new method 
and device according to the invention is that for a 
stiff joint, which reaches its final pretension level 
very quickly, the angle speed at the end of the 
tightening process is brought down and the torque 
overshoot is substantially reduced, whereas the 
end speed at a weak joint c, which reaches its final 
pretensron level less abruptly, is higher. Because of 
the weak characteristic of the latter, the kinetic 
energy of the rotating parts will not cause any 
significant torque overshoot despite a relatively 
high final angle speed. 

The device illustrated in Fig 2 comprises an 
electrically powered tightening tool 10 comprising a 
brushless AC-motor. a power supply means 11 and 
a control unit 12. The power supply means 11 
compnses an inverter which is fed with DC power 
from a DC power source 14 and which delivers AC 
power of variable frequency and voltage amplitude 
to the tool 10. 

A power detecting means 15 is provided be- 
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tween the DC power source 14 and the power 
supply mea ns 1 1 and is connected to the control 
unit 12. To the latter there is also connected a 
torque rate adjusting means 16 by which a desir- 
able value of the torque changing speed may be 

SGl. 

The control unit 12 comprises a programmable 
processor in which all necessary data for a two- 
step tightening process are installed. 

The device illustrated in Fig 3 differs from the 
dev.ce ,n Fig 2 in that the power tool carries a 
sensmg means 25 for detecting the actual torque 
values during operation of the tool. This sensing 
means 25 is connected to a comparating unit 26 in 
which the actual sensed torque values are com- 
pared to a desired set value. As the actual sensed 
value reaches the preset value a signal is delivered 
to the control unit 12. 

A preferable way to accomplish the above de- 
scnbed control of the applied torque when using an 
inverter drive for an AC-powered tool is to perform 
the ac.tve control on the AC frequency supplied to 
the tool. The drive frequency which in fact is deter- 
mining for the angle speed of the tool is increased 
in a certam way to generate a phase lag in relation 
to the joint. This phase lag is in turn generative of 
an increasing drive torque in the motor of the tool 
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1. Method for tightening a threaded joint in two 
subsequent steps, comprising a first step during 
wh,ch the joint is tightened to a predetermined 
pretension snug level, and a second step during 
which the joint is further tightened to a final pre- 
determined pretension level, 
characterized in that said second step comprises 
a time related gradual increase of the torque ap- 
plied on the joint from said snug level to said 
predetermined pretension level in the joint or to a 
point where the angle speed has reached a pre- 
determined maximum level. 

2. Method according to claim 1 or 2. wherein the 
tightening torque is applied by an electric brush- 
less AC-motor tool powered by a variable frequen- 
cy output power supply means, said gradually in- 
creasing torque applied-on the joint being gen- 
erated by an advanced and continuously increasing 
output frequency from said power supply means 

3. Dev,ce for tightening a threaded joint in two 
subsequent steps, comprising a power tool (10) a 
power supply means (11) connected to said power 
tool (10). and a control means (12). characterized 
in that said control means (12) comprises a prog- 
ramable unit for changing during tightening and in 
relation to time a torque related parameter of the 
power supplied to said power tool (10). 



3 



EP 0 419 435 A2 



4. Device according to claim 3. wherein said con- 
trol un,t (12) comprises an adjusting means by 
wh,ch the time related changing rate of said torque 
related parameter is set. 

5. Device according to claim 3 or 4. wherein said 
power tool comprises an electric brushless AC- 
motor, and said power supply means (11) com- 
pnses a variable frequency output inverter, said 
torque related parameter is the output frequency of 
sard inverter, and said adusting means being ar- 

^n, £ enab ' e SettinQ ° f the changing 
rate of AC-power output from said inverter 
6. Device according to claim 5, wherein said con- 
W means comprises a microprocessor in which a 
circuit is arranged to provide a ramp for gradually 

during tightening. 
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ABSTRACT: 

A current supply unit havinq a socket f* r ^ r . 

connected thereto by 'nJ.XS^^Tj^^ ^ which can be 

presetting the supply frequency. This current IwTuXlu* ?™ 9 8 device for a ^tabty 
an appliance 10 which can be used in <»Zn2X H { 1 3) IS des, 9 ne d as a plug-in device for 
least one corresponding plug-in channel a frS " ^ the electrical too1 02 and having at 
provided with the sockel (16) and confrol a^d Inr'" 9 (U) 0f the curre "» supply unit (13) 
state essentialry shutting off the < 17 ' 18 )- the pegged in 

supply unrt (13) can be used in combing Sh ^Llt? p 9 "*" C * annel ' As a resu *. this current 
vacuum cleaner, but also hdependXlK^'^ 08 (10) " f ° f eXamp,e desi 9"ed as a 
quickly and simply. nny Trom the ,atter T ^ current supply unit can be replaced 



